Abstract This study evaluated the effects of low-level laser therapy (LLLT) and epidermal growth factor (EGF) on fibroblasts obtained from young and elderly individuals. Gingival fibroblasts from young (Y) and elderly (E) individuals were seeded in wells of 24-well plates with Dulbecco's modified Eagle's medium (DMEM) containing 10 % of fetal bovine serum (FBS). After 24 h, the cells were irradiated (LASERTable-InGaAsP-780 ± 3 nm, 25 mW, 3 J/cm 2 ) or exposed to EGF (100 μM). After 72 h, cells were evaluated for viability, migration, collagen and vascular endothelial growth factor (VEGF) synthesis, and gene expression of growth factors. Data were analyzed by Kruskal-Wallis and Mann-Whitney tests (α = 5 %). Y and E fibroblasts irradiated with laser or exposed to EGF showed increased viability and collagen synthesis. Enhanced cell migration was observed for Y fibroblasts after both treatments, whereas only the LLLT stimulated migration of E cells. VEGF synthesis was higher for Y and E cells exposed to EGF, while this synthesis was reduced when E fibroblasts were irradiated. Increased gene expression of VEGF was observed only for Y and E fibroblasts treated with LLLT. Regardless of a patient's age, the LLLT and EGF applications can biostimulate gingival fibroblast functions involved in tissue repair.
Introduction
Aging is a result of the complex interactions of physical, biological, and biochemical processes that take place in all organisms [1] . Over the time, cells gradually lose their replicative potential and ability to respond to growth factors, which can reduce wound repair capacity [2] . Several studies have shown changes in migration capability, cell proliferation, and matrix protein synthesis by aged cells [2, 3] . In addition to these functional losses, senescent cells also exhibit morphological and structural changes that can be related to decreased motility [3] [4] [5] .
The wound healing process depends on several events involving cell proliferation and migration, aimed at the repopulation of the damaged area [6] , and these events occur in response to the coordinated local release of growth factors and cytokines [7] .
Stephens et al. [8] reported that gingival fibroblasts show increased repair capability when compared with skin fibroblasts. Faster wound healing in oral mucosa may be related to the salivary fluid and site-specific microflora [9, 10] . However, few studies have evaluated the possible influence of age on the repair capacity of the oral mucosa, as shown for the skin.
It has been reported that physiological levels of epidermal growth factor (EGF) in saliva stimulate proliferation and migration of cells from the oral epithelium [11] . Moreover, specific growth factors can accelerate cell proliferation and wound healing [12] [13] [14] [15] [16] [17] . Therefore, the use of EGF as a treatment for the acceleration of tissue repair of dermal and oral mucosal wounds has been expanding [13, 15, 18] .
In addition to growth factors, low-level laser therapy (LLLT) can also promote tissue repair, by increasing cell proliferation and expression of growth factors and also by modulating the synthesis of inflammatory cytokines by several cell types, including gingival fibroblasts [19] [20] [21] [22] [23] [24] [25] .
Specifically, laser interaction with tissue depends on the optical properties of this type of light, such as wavelength, power output, exposure time, and energy density, in addition to the characteristics of the target tissue, such as the presence and types of chromophores [26] . Other than these factors, there are no data regarding the effects of this therapy on gingival fibroblasts obtained from young and elderly individuals.
Therefore, this study aimed to evaluate the effect of the application of epidermal growth factor (EGF) or low-level laser irradiation on the viability, cell migration capacity, collagen synthesis, and expression of growth factors of gingival fibroblasts obtained from young and elderly individuals.
Materials and methods
Gingival biopsies (1 mm   2 ) from six healthy individuals [three young (Y) (from 18 to 25 years old) and three elderly (E) (over 65 years old)] were obtained during tooth extraction, implant placement, or ridge regularization with no tissue inflammation. All procedures were performed in accordance with policies of the Research Ethics Committee of the Araraquara School of Dentistry/UNESP, after approval (CAEE no. 13514813.6.0000.5416) and with the consent of the patients after signing the instrument of consent.
Cell culture and experimental groups
For the isolation of gingival fibroblasts, gingival tissue fragments were placed in 6-well plates (Techno Plastic Products (TPP), Trasadingen, Switzerland) containing 3 mL of Dulbecco's modified Eagle's medium (DMEM) culture medium (Gibco, Grand Island, NY) supplemented with antibiotic/ antimycotic solution (10,000 units/mL penicillin, 10,000 mg/ mL streptomycin, and 25 μg/mL Fungizone®, Gibco) and type I collagenase (3 mg/mL) (Worthington Biochemical Corp., Lakewood, NJ, USA) and were incubated at 37°C for 24 h.
After this period, cells and the remaining fragments were transferred to a new flask in DMEM containing antibiotic/ antimycotic solution and 10 % fetal bovine serum (FBS, Gibco). The culture medium was replaced every 72 h until the appropriate cell number for the experiment was achieved.
Subculture was performed with 0.25 % trypsin (Invitrogen, Carlsbad, CA, USA) at 80 % confluence.
For experimental protocols, cells (three to seven passages, using the same passage for all patients) were seeded in 24-well plates at different densities, according to each protocol, in complete culture medium for 24 h. After this period, no treatment (control group), LLLT, or EGF application was performed in Y and E individual's group. For each experiment, two samples of each primary cell line from three different individuals were used in duplicate, total n = 12. All groups were evaluated at the 72-h periods after the treatments according to the methodologies described later.
Irradiation (LLLT)
The LASERTable device [23, [26] [27] [28] , composed of 12 diodes of the indio, gallium, arsenide, and phosphate (InGaAsP) type, was used for in vitro LLLT (780 ± 3 nm, 25 mW).
Three irradiations were performed at 24-h intervals at 3.0 J/ cm 2 energy density, determined based on results of previous studies showing that these parameters, 4-min time exposure in a continuous wave, are capable of promoting proliferation, metabolism, and gene expression for different cell types [21, 22, 28, 29] .
Epidermal growth factor
EGF growth factor (Sigma-Aldrich, St. Louis, MO, USA) was diluted in serum-free DMEM culture medium at 100 μM concentration and was maintained in contact with the cells at 37°C for 72 h. This concentration was selected based on a pilot study that evaluated different concentrations capable to stimulate cell proliferation.
Cell viability evaluation (alamarBlue® assay)
Cellular metabolic activity was detected by an alamarBlue® assay (Invitrogen). This method is based on the reduction of a redox indicator, which exhibits a color change that can be detected by absorbance or fluorescence, proportional to the mitochondrial activity. alamarBlue® solution (10 % in serum-free DMEM) was added to the cells and incubated at 37°C for 4 h. The fluorescence of the resulting solution was read by spectrophotometry (Synergy H1; Biotek, Winooski, VT, USA) at 570 nm (excitation) and 600 nm (emission). The evaluation of metabolic activity was performed at 24, 48, and 72 h.
Cell migration (wound healing)
The effect of LLLT or EGF on the migration of gingival fibroblasts was determined by an in vitro wound healing protocol [30] . After 24 h of cell culture, an in vitro Bwound^was created in the central area of each compartment containing the precultured cells, by means of the tip of a 5-mL pipette. The presence of the wound was confirmed by inverted light microscopy (TS 100, Nikon, Tokyo, Japan).
Then, cells were irradiated, and EGF was added as described above. Cell migration was evaluated at 24, 48, and 72 h after these treatments.
Migration was determined after the fixation of cells with 0.5 mL of 70 % ethanol for 1 h. Cells were then washed with 1 mL of distilled water, then stained with 0.5 mL of 0.1 % crystal violet (Sigma-Aldrich) for 15 min and washed again with 1 mL of distilled water. As previously described by Basso et al. [22] , the areas of the wounds were analyzed by means of an optical microscope (Olympus BX51, Miami, FL, USA) equipped with a digital camera (Olympus c 5060) and subjected to analysis by ImageJ software (Wayne Rasband, National Institute of Mental Health, Bethesda, MD, USA).
Collagen synthesis (Sirius Red assay)
The concentration of total collagen produced by gingival fibroblasts was determined by the Sirius Red assay, which quantifies the soluble collagen present in the sample by selective binding to the types I-IV of collagen fibers to the Direct Red dye (Sigma-Aldrich) in saturated picric acid [31] .
Cells were seeded (8 × 10 4 cells/well) in 0.5 mL of culture medium in 24-well plates. Treatments were performed according to the experimental groups, and a 400 mL quantity of culture medium was collected and stored at −20°C until analysis. To this volume of culture medium, 400 μL of Direct Red solution (0.5 M in picric acid) were added and maintained in a shaker (Thermomixer Comfort; Eppendorf, Hamburg, Germany) for 60 min under stirring (400 rpm, room temperature). Thereafter, samples were centrifuged in a refrigerated microcentrifuge (Eppendorf 5415R) for 10 min at 12,000 relative centrifugal force (rcf), and the resulting supernatant was discarded. HCl 0.1 M (300 mL) was added, and samples were centrifuged again for the same time and at the same speed. The supernatant was again discarded, and 250 mL of 0.5 M NaOH was added to the samples for homogenization. Aliquots of 100 mL of the solution, in duplicate, were transferred to 96-well plates, and the absorbance (555 nm) was analyzed by spectrophotometry (Synergy H1, Biotek).
Vascular endothelial growth factor synthesis
During the wound healing process, several growth factors are expressed, including vascular endothelial growth factor (VEGF), which induces local angiogenesis as well as the proliferation and migration of mucosa cells.
The VEGF synthesis was evaluated by the enzyme-linked immunosorbent assay (ELISA), based on antigen-antibody reaction, which was performed according to the manufacturer 's recommendations (R&D Systems, Minneapolis, MN, USA). The culture medium in contact with the cells during proposed treatments was collected and stored at −20°C until the test.
For the assay, the ELISA plate was treated with specific primary antibodies (1.0 μg/mL VEGF) and incubated overnight at room temperature. The samples were washed in a 2.5 % wash solution, followed by incubation with blocking solution (1 % bovine serum albumin (BSA) in PBS) for 1 h at room temperature.
After samples were washed, 100 μL of each sample was added, accompanied by standard curve samples with predetermined VEGF concentrations, and the plates were incubated for 2 h at room temperature, followed by further washing. Next, the secondary antibody was added (100 ng/ mL) and incubated for an additional 2 h. After the samples were washed, streptavidin (1:400 in 1 % BSA) was then added to the samples for 20 min in the absence of light. New washes were performed, and the substrate solution was added and maintained for 20 min. Finally, stop solution was added to stop the reaction, and the optical density of the samples was measured by spectrophotometry (Synergy H1, Biotek) at a 450 nm wavelength. VEGF concentrations were determined according to the standard curve.
Gene expression (RT-PCR)
Total RNA isolation was performed with the RNAqueous kit (Applied Biosystems) by using a filtration system. Next, the RNA concentration of each sample was determined spectrophotometrically (Take System 3-Synergy H1). For each RNA sample obtained, complementary DNA (cDNA) was synthesized for the qPCR protocol. Implementation of this protocol involved the High-Capacity cDNA Reverse Transcriptions Kit (Applied Biosystems, Foster City, CA, USA). To a microfuge tube were added 10× RT buffer, 10× random primers RT, 25× dNTP mix, reverse transcriptase, and 0.5 μg of RNA from each sample. Next, the samples were subjected to an amplification cycle recommended by the manufacturer (Applied Biosystems): 25°C (10 min), 37°C (120 min), 85°C (5 s), and 4°C (∞) (Thermocycler, BioRad, Hercules, CA, USA).
After cDNA synthesis, gene expression of VEGF, EGF, and basic fibroblast growth factor (FGF-2) was determined by quantitative real-time polymerase chain reaction (PCR). The reactions were prepared with standardized reagents for real-time PCR TaqMan Universal PCR Master Mix (Applied Biosystems), by adding the sets of specific primers and probes for each gene. Fluorescence readings were carried out every amplification cycle, with StepOnePlus (Applied Biosystems) and subsequently analyzed by StepOne 2.1 software (Applied Biosystems). All reactions were normalized by the signal reference ROX passive dye to correct fluctuations in reading due to changes in volume and evaporation over the reaction.
The result, expressed in CT value (for the number of PCR cycles required for the fluorescence signal to reach the threshold of detection), was transferred to worksheets and normalized according to the selected endogenous gene expression (BAct). Next, the mRNA levels of each gene were subjected to target-specific statistical analysis.
Statistical analysis
Since data were not normally distributed (Shapiro-Wilk test), results were statistically analyzed by the Kruskal-Wallis test complemented by the Mann-Whitney test, at a 5 % level of significance. For all tests, the data for the respective control groups (no treatment) were considered as 100 %, and the results obtained for EGF and LLLT were normalized by percentage.
Results

Cell viability (alamarBlue® assay)
Results demonstrated that only the LLLT (three irradiations at 3.0 J/cm 2 ) for both Y and E fibroblasts promoted a significant increase in cell viability compared with the respective control group (p < 0.05) ( Table 1) .
Cell migration (wound healing)
Migration of Y and E fibroblasts is presented in Tables 2  and 3 . Increased migration, demonstrated as diminished wound area, was observed for Y fibroblasts without treatment at the 72-h period (p < 0.05). When these cells were subjected to the proposed therapies (EGF or LLLT), increased cell migration was observed, regardless of the evaluation period, with no statistically significant difference between the applied treatments (p > 0.05).
For cells from E gingival tissue, no increased migration was observed in the absence of treatments (p > 0.05), while for the 24-and 48-h periods, there was increased cell migration when cells were subjected to LLLT (p < 0.05). At 72 h, both therapies promoted higher cell migration when compared with the control group. However, the LLLT showed a greater stimulatory effect on gingival cells (p < 0.05).
Collagen synthesis (Sirius Red)
Increased collagen synthesis occurred when Y and E fibroblasts were subjected to both treatment modalities (EGF or LLLT) compared with the respective control (untreated) (p < 0.05) ( Table 4) .
VEGF synthesis
Comparison of the treatments applied to Y fibroblasts showed a higher VEGF synthesis when cells were exposed to EGF (p < 0.05), while the LLLT caused no significant stimulation of these cells in culture. For E fibroblasts, a significant increase in VEGF synthesis after treatment with EGF was observed, and this cell activity was reduced when the cells were subjected to LLLT as proposed in this study (Table 5) .
Growth factors' gene expression
For Y and E fibroblasts, an increase in VEGF synthesis was observed when these cells were subjected to LLLT (p < 0.05) ( Table 6 ). As for the other growth factors, there was no change Table 6 ).
Discussion
Oral mucosa healing is related to intrinsic factors such as the presence of structural cells with regenerative potential, intense vascularization, and intense turnover rate of the connective tissue and epithelium [10] . It is also evident that saliva plays an important role during this event, providing a conductive environment for the rapid repair of damaged oral mucosa [10] . Among the different cell types, fibroblasts actively participate in the tissue repair process, proliferating, migrating, and filling the wound, in addition to contributing to the synthesis of growth factors and extracellular matrix molecules [10] . However, the structure and function of these cells can be altered by factors such as aging [32] . As previously reported, the aging process can cause inhibition of the synthesis of growth factors and basic structural proteins such as collagen and fibronectin [32] , which is a glycoprotein directly linked to the cell adhesion capacity. The reduced expression of fibronectin by senescent cells can interfere with cell migration and proliferation, which are essential and interdependent processes for tissue repair [32] .
Adults' gingival fibroblasts, in contrast to skin fibroblasts, have many properties similar to fetal fibroblasts, including morphology, growth, migration ability, and cytokine production [10] . It is possible that gingival fibroblasts are phenotypically unique in adult tissue, which may contribute to the accelerated healing of oral wounds with minimal scarring [10] . It was observed in the present study that Y and E fibroblasts subjected to laser therapy showed increased viability when compared with untreated cells (control). This result suggests that LLLT, at the parameters used in this study, can accelerate the proliferative capacity of these cells, as previously reported by Basso et al. [22] .
Almost 20 years ago, it was demonstrated that, in injured tissues, the release of growth factors and plasma proteins causes changes in cell phenotypes and initiates their migration to the site of the wound [6] . During this event, cytoplasmic protrusions and controlled retraction of membership foci are produced by cells as a result of the expression of proteins involved in this process and can influence wound repair [33, 34] . Previous studies with gingival mucosa fibroblasts showed the high capacity of these cells to reorganize extracellular matrix molecules, and this fact is directly related to their high migration capability [9, 35] . In this in vitro study, it was determined that, in general, the proposed therapies can enhance cell migration, as observed by the wound healing assay. For Y fibroblasts, both treatments resulted in a biostimulatory effect, while for the E cells, LLLT exerted a higher effect in all evaluation times performed (24, 48 , and 72 h).
In recent years, LLLT has been used to accelerate tissue repair, inducing increased local vascularization, collagen synthesis, and cell proliferation [36, 37] . It has been shown that [38, 39] . A systematic literature review on the use of LLLT for the proliferation of different cell lines concluded that this therapy can stimulate cells in culture [40] . However, the authors emphasized that the response to laser irradiation in cells is dose-dependent, and this type of light can either stimulate or inhibit cell proliferation, according to the parameters used and the type of cell or tissue to be irradiated. As previously reported by other researchers [21, 22, 25] , this study demonstrated cell biostimulation when the primary culture of gingival fibroblasts was irradiated with a low-level laser. Analysis of these data also confirms the findings of Basso et al. [22] , who applied the same irradiation parameters to fibroblasts. Growth factors regulate several cellular events that promote tissue repair by binding to specific receptors expressed on the cell surface [14] . Fibroblasts are regulated by several growth factors such as EGF, FGF-2, transforming growth factor β (TGF-β), platelet-derived growth factor (PDGF), and VEGF [14] . These factors can operate locally in an autocrine or paracrine manner, exerting their biological effects and consequently participating in the regeneration process [41] . However, the signaling mechanisms by which these growth factors regulate the function of aged fibroblasts remain poorly understood.
In this study, we observed an increase in collagen synthesis when Y and E fibroblasts were subjected to the different therapies (EGF or LLLT). Analysis of these data seems to indicate that either therapy may also be able to inhibit the production of collagenases and stimulate collagen production, especially in senescent cells. However, a previous research demonstrated that aged cells present reduced expression of membrane receptors, which could explain, at least in part, a decreased response of these cells even when exposed to high concentrations of growth factors and mitogens [42] . In addition, a reduction in the proliferation of senescent dermal fibroblasts was reported, due to the slight expression of membrane receptors sensitive to EGF [43] . Therefore, our results showed that Y and E fibroblasts from oral mucosa can respond to both therapies (EGF or LLLT) inducing an increase in the activity of cellular functions to assist in efficient and faster tissue repair.
VEGF plays a fundamental role in tissue repair, since revascularization is a dynamic event necessary for the complete healing process [44] . During angiogenesis, several growth factors are expressed and regulated. However, it is known that VEGF is the main factor in this process, capable of promoting endothelial cell migration, proliferation, increased vascular permeability, and regulating neovascularization and tissue repair [44] . Thus, increased VEGF synthesis by fibroblasts exposed to EGF, regardless of the donor's age, indicates that this therapy can assist in angiogenesis and the tissue repair process. In this study, when E fibroblasts were irradiated, a lower concentration of this growth factor was detected. However, gene expression evaluation revealed that the Y and E cells subjected to LLLT demonstrated increased expression of VEGF. This result allows us to suggest that LLLT could have promoted earlier expression of this factor.
Analysis of the scientific data obtained in this in vitro study indicates that both tested therapies are capable of promoting biostimulatory effects in gingival fibroblasts obtained from young and elderly individuals and perhaps characterize interesting future therapeutic approaches to accelerate the wound healing process in oral mucosa. The proposed therapies assisted in the improvement of cellular functions of gingival fibroblasts obtained from young and elderly individuals during the repair process. According to the methodology used in this laboratorial study and based on the data obtained, it was possible to conclude that greater viability, collagen synthesis, migration, as well as expression and synthesis of growth factor occur in cultured fibroblasts exposed to EGF or submitted to a LLLT, independently of the age group assessed. 
